Introduction
This study investigated the challenge of developing teachers' computational thinking pedagogical capabilities, in order to determine how teachers can be best supported through professional development and resource provision. There has been a growing global interest in introducing computing into the school curriculum (Liu et al., 2011) . Several international professional bodies and initiatives have called for more attention to computational thinking in the curriculum (Voogt et al., 2015) . In particular, the National Science Foundation has assembled educational leaders to bring the concept of computational thinking to the K-12 classroom in the US (Barr, Harrison, & Conery, 2011) . In Australia, it is mandated that all children from Foundation to Year 8 will learn computational thinking in their curriculum, according to the Australian Digital Technologies Syllabus (ACARA, 2012) . In the UK, the change in the school curriculum for students from 5 -16 also puts a strong focus on computational thinking (Sentance & Csizmadia, 2015) .
In general, computational thinking has been defined as "The process of recognising aspects of computation in the world that surrounds us, and applying tools and techniques from Computer Science to understand and reason about both natural and artificial systems and processes" (The Royal Society, 2012, p.29) . It is seen as an important competency because today's students will not only work in fields influenced by computing, but also need to deal with computing in their everyday life and in today's global economy (Grover & Pea, 2013) . At the same time, computer scientists discuss the need to increase students' interest in computer science through paying attention to computational thinking (and not only programming) in the compulsory curriculum in order to offer students' the option to continue their further studies or their career in fields related to computer science (Wolz et al., 2011) . Indeed, the most prevalently cited rationale in the literature for including computing in K-12 instruction is the growing demand for workers with computer science skills (Wilson & Moffat, 2010) .
The process of increasing student exposure to computational thinking in schools is complex, requiring systemic change, teacher engagement and development of significant resources (Barr & Stephenson, 2011) . With the new changes, teachers inevitably have to face challenges. If teachers have inaccurate and native perceptions of computational thinking, it will directly influence how they teach this area (Milton, Rohl, & House, 2007) . Researchers have established strong connections between teacher efficacy and teacher behaviours that foster student achievement (Goddard, Hoy & Hoy, 2000; Guo et al., 2010; Ross, HogaboamGray, & Hannay, 2001) . If teachers do not feel efficacious for teaching computational thinking, students may have negative experiences in learning the concept (Israel et al., 2015) . In addition, there is no widespread agreement about strategies for teaching and assessing the level of computational thinking development in students (Brennan & Resnick, 2012) . Teachers may not be sure what kind of pedagogies are better for the purposes of teaching computational thinking.
In this paper, a comprehensive assessment of the difficulties and challenges in teaching computational thinking is performed so as to inform the design of computational thinking resources and professional development programs that best cater to the needs of teachers.
Computational Thinking: Literature Review
Researchers argue that there is no clear-cut definition of computational thinking (Hu, 2011) . The idea of computational thinking was first introduced by Papert (1996) , who is widely known for the development of the Logo software. In 2006, Wing defined computational thinking as "Solving problems, designing systems, and understanding human behaviour, by drawing on the concepts fundamental to computer science" (Wing, 2006, p. 33) . Prompted by her article and a growing community of researchers, educators, and policymakers, computational thinking as a concept and associated research agenda has witnessed increasing attention and investigation (Grover & Pea, 2013) . While computational thinking draws upon concepts that are fundamental to computing and computer science, it also includes practices such as problem representation, abstraction, decomposition, simulation, verification, and prediction (Sengupta et al., 2013) . These practices, in turn, are also central to modelling, reasoning and problem-solving in a large number of scientific and mathematical disciplines (National Research Council, 2010) . Einhorn (2012) states that computational thinking develops a variety of skills (logic, creativity, algorithmic thinking, modelling/simulations), involves the use of scientific methodologies and helps develop both inventiveness and innovative thinking. Academics in the field of education, in particular educational technology, agree with the computer science education community that computational thinking is an important, essential and very truly 21st-century skill (Einhorn, 2012; Voogt et al., 2015; Wing, 2006) . Based on the definitions and core concepts of computational thinking as provided by computer scientists and researchers, several definitions have emerged for what computational thinking is in the domain of compulsory schooling globally. Key in all these definitions is the focus on students' complex problem-solving skills and dispositions (e.g. Barr & Stephenson, 2011; Lee et al., 2011; Sengupta et al., 2013) with the help of computing and computers (Grover & Pea, 2013; Wolz et al., 2011) . Mishra and Yadav (2013) have argued that computational thinking goes beyond typical human-computer interactions within the school curriculum; instead, they argued that human creativity could be augmented by computational thinking, in particular with the use of automation and algorithmic thinking (Van Dyne & Braun, 2014) . However, researchers argue despite the best efforts to articulate that computational thinking is more than just "programming", the misconception that the two are the same remains (Lu & Fletcher, 2009; Qualls & Sherrell, 2010) .
Based on their studies of novice interactive media designers, Brennan and Resnick (2012) have developed a framework for analysing computational thinking that is comprised of three key dimensions. The first dimension is "computational concepts", being the fundamental elements people use as they program, i.e., elements such as sequence, loops, parallelism, events, conditionals, operators and data. "Computational practices", the second dimension is defined as the processes people undertake as they engage with the concepts, such as abstracting and modularizing, reusing and remixing, testing and debugging, etc. The last dimension is "computational perspectives" and this dimension is related to the views people form about the world around them and about themselves with relation to computational thinking problem solving. Wood, Thomas and Rigby (2011) consider this sort of professional understanding (i.e., "knowing for") as the highest level of knowledge that is critical for successful participation in the workforce. Without an appreciation of all three dimensions it is difficult for teachers to help students understand the concepts, practices and applications of the discipline, which in turn may adversely affect their enjoyment and success in the domain.
Previous studies about computational thinking have largely focused upon students (e.g. Barr & Stephenson 2011; Grover & Pea, 2013; Yadav et al., 2011) . For instance, exploratory investigations by Lewandowski et al (2007) demonstrated how exposure to computational thinking enhances the way students approach problems. Several researchers propose that computational thinking can serve as effective vehicles for learning subjects like science and math concepts (Blikstein & Wilensky, 2009; Kynigos, 2007; Sengupta et al., 2013) . Werner, Denner and Campe (2015) tested new performance assessment from a student's perspective for measuring computational thinking in middle school.
Research on the integration of computational thinking in education is still scarce (Voogt et al., 2015; Wilson & Guzdial, 2010) . Many of the studies work on computational thinking focused mostly on definitional issues, and tools that foster computational thinking development (Grover & Pea, 2013) . While computer science education researchers have recently contributed a significant amount of work to a growing knowledge base about teaching and learning computational thinking, studies do not often focus on teachers' perspective (Portelance & Bers, 2015) . Similarly, there is little research that has systematically and comprehensively examined the influence of computational thinking on pre-service and in-service teachers (Yadav et al., 2011) .
Teaching Computational Thinking and the Challenges Involved
Multiple studies have shown that teachers have a profound effect on student learning (Whittle, Telford, & Benson, 2015) and different teaching strategies will affect the student achievement (Schroeder et al., 2007) . In general, educators have divided teaching strategies into two main types, i.e., teacher-centred and student-centred. In the teacher-centred classroom, teachers introduce the specific things that are worthy of being studied, and students are told how to interpret them. That is, students must learn-memorise-a meaning as dictated by the things that teachers introduce (Kauchak & Eggen, 1993) . In the studentcentred classroom, however, students are responsible for finding reasons that they can use to create knowledge and understanding (Pham, 2016) . To teach computational thinking teachers requires a variety of different teaching approaches (Guzdial, 2008) . At times teacher-centred approaches are beneficial to introduce concepts and model capabilities, however, it is critical that student-centred pedagogies are utilised in order for learners of computing to consolidate understanding, transfer their knowledge, develop their creativity, and have opportunities to learn from peers (Bower, 2011; Bower & Hedberg, 2010) . It is suggested through continued professional development, teachers could be able to better adapt their computational thinking pedagogies and approaches based on student needs (Stevens et al., 2013) .
To truly integrate computational thinking into current primary and secondary curricula undoubtedly presents significant challenges, especially for teachers. Experts voiced concerns about a shortage of teachers qualified to deliver the new curriculum whenever new ideas and concepts are introduced (Peng et al., 2014) . Teachers express challenges that they face when teaching computational thinking concept and computing-related subjects (Grover & Pea, 2013) . They are anxious when having to develop new learning resources and use novel technologies in class (Meerbaum-Salant, Armoni, & Ben-Ari, 2013) . Some teachers are not confident in dealing with new and unfamiliar teaching materials (Curzon et al., 2009) . The lack of confidence is correlated with the low self-efficacy in teaching the subject (Sandholtz & Ringstaff, 2014) . Self-efficacy is defined by Bandura as "beliefs in one's capabilities to organize and execute the courses of action required to produce given attainments" (1997, p.3) . Low self-efficacy impacts on teaching performance and effectiveness (Babaei & Abednia, 2016) . Previous studies have applied the self-efficacy concept to investigate teachers' pedagogical practices (Kreijns et al., 2013; Paraskeva, Bouta, & Papagianni, 2008) . It is clear that self-efficacy beliefs can positively influence teachers' pedagogical practices relating to the use of technology (Ertmer & Ottenbreit-Leftwich, 2010; Ertmer et al., 2012) . Results also indicate that teachers with high level of self-efficacy are more committed to teaching and have higher job satisfaction (Gunning & Mensah, 2011; Chen & Yeung, 2015) . Thus, the benefits of developing teachers' self-efficacy with respect to computational thinking are potentially numerous.
Teachers also have issues relating to insufficient resources and support for teaching computational thinking skills (Sentance & Csizmadia, 2015) . Providing teachers with adequate teaching-related resources is critical in order to improve student outcomes (Stevens et al., 2013) . Black et al. (2013) suggest that creating communities of practice could allow teachers to share the resources and provide each other with ongoing support.
Method
In order to develop teachers' computational thinking understanding, pedagogies, and dispositions, as well as to examine the malleability of each construct, a workshop was run in October of 2015. The workshop aimed to help Foundation to Year 8 teachers develop their computational thinking pedagogies. The design and implementation of the workshops was funded through Google's Computer Science for High Schools (CS4HS) program. CS4HS is an annual grant program promoting computer science education worldwide by connecting educators to the skills and resources they need to teach computational thinking concepts in relevant ways (CS4HS, 2017). Workshops drew upon contemporary innovative practices from across the world as part of previous CS4HS programs, as well as prevailing literature in the computer science education field to progress the capabilities of teachers to teach the upcoming Australian Digital Technologies Curriculum. To measure teachers' understanding of and attitudes towards computational thinking, a two-stage survey, the pre-workshop and post-workshop teacher surveys were conducted. Three research questions guided this study: 1.
What do teachers believe to be the different elements of computational thinking? 2.
What support (and alternatively inhibits) the development of teachers' computational thinking pedagogical capabilities? 3.
What conceptual and attitudinal change did teachers experience in terms of computational thinking pedagogies as a result of the workshops?
Workshops
The workshops were offered run at the Macquarie ICT Innovations Centre and were divided into four different full-day sessions for K-2, Year 3-4, Year 5-6, and Year 7-8 teachers. After defining computational thinking and relating it to the new Australian Digital Technologies Curriculum, participants were led through four modules relating to problem decomposition, patterns, abstraction, and algorithms. Each module started by explaining and modelling the key ideas behind the aspect of computational thinking being examined, before quickly moving onto activities that provided teachers with an experiential understanding of the phenomenon. Generally speaking the activities included an "unplugged" activity that used paper or other tactile modelling to demonstrate the area of computational thinking, followed by one or more technological activities. The technologies that were used varied according to the age and stage being targeted. For example, whereas the K-2 workshop used Beebots and Scratch Junior, the Stage 3 workshop used Kodu and Hopscotch.
Videos and examples were used to promote the relevance of computational thinking in society and for the workplace. Facilitators made efforts to establish a safe and supportive and collegial learning environment so that teachers felt comfortable sharing their emerging understanding of computational thinking concepts and pedagogies. Several opportunities were provided for discussion to encourage sharing of ideas and reflection.
Data Collection
The data for this study was collected in October of 2015. Two sources of data, preworkshop and post-workshop teacher surveys were used to address the research questions. The pre-survey was issued to participants in the week before or on the morning of the session to determine their initial knowledge and dispositions. Apart from demographic questions relating to age, gender, and previous studies of computing, the survey asked about teachers' understanding of the term computational thinking, the pedagogical strategies they had for teaching computational thinking, and the technologies that could be used to develop computational thinking. Thus, this component of the survey was framed around their TPACK understanding (Mishra & Koehler, 2006) . The survey instrument also inquired as to affective and systemic factors, namely, their confidence to teach computational thinking, the extent to which they felt computational thinking was an important part of the curriculum, and the professional support they believed would assist their future endeavours. Confidence to teach computational thinking and the extent to which it was perceived to be important were measured using seven point Likert scales with response items ranging from "strongly disagree" to "strongly agree". The large majority of the participants completed the postsurvey directly following the workshop. Participants who did not complete the survey immediately returned their responses within one week of the workshop. The post-survey included essentially identical questions to the pre-survey in order to gauge shifts in teacher understanding and perceptions that resulted from the workshops. It was deemed unlikely that any of the participants completed any other computational thinking professional learning or activities between surveys, allowing changes in knowledge and attitude to be attributed to the workshop they had completed.
Participants
A total of 91 and 75 teachers participated in the pre-and post-workshops surveys respectively. In this study only the results from respondents who participated both pre-and post-workshop surveys were included in the qualitative and quantitative analysis. There were 69 valid responses that contained complete responses that were used for the study. There were 50 females and 19 males in the samples with an average of 12.6 years of teaching experience. Among 69 teachers in the sample 44% indicated that they had completed some prior courses in computing, and this range from one day course in coding to a master degree in computing. The age range of the samples was from 18 to 64, with an average age of approximately 40 years old.
Data Analysis
The researchers conducted the data analysis in 2016. Open-ended questions of the pre-and post-workshop surveys were analysed using qualitative thematic analysis techniques in order to identify 1) concepts relating to computational thinking (content, pedagogy, and technology), 2) difficulties in learning new pedagogies, and 3) supports teachers needed. For each of these areas an open coding phase was used to determine preliminary analytic categories, followed by an axial-coding phase to determine emergent themes and a selectivecoding phase to support reporting (as outlined by Neuman, 2006) . All coding took place using the Computer Assisted Qualitative Data Analysis Software NVivo 11, which enabled aggregation of categories and themes across participants and cases, as well as the development of perceptions over time. A simple word frequency query was performed to get some ideas into the key themes emerging from the initial coding process. The rating was primarily undertaken by one member of the research team using a scheme that had been developed as part of parallel study into pre-service teacher conceptions of computational thinking (authors, in preparation) . Consultation with other members of the research team was undertaken in cases where the correct coding category was ambiguous. After three rounds of comparing and line-by-line analysis all the themes for five open-ended questions were finalised. The responses were coded under two or more themes if the response incorporated multiple elements (Leech & Onwuegbuzie, 2011) . The responses were ranked from the highest to the lowest number of occurrences under the respective categories.
The closed-ended questions (i.e., the quantitative data) of teacher pre-and postworkshop surveys were analysed by SPSS Statistics 22.0. Paired sample t-tests were used to determine whether statistically significant differences existed between the means of the pre-and post-workshops about the teachers' perceptions on the importance of children develop computational thinking capabilities and the level of confidence about developing students' computational thinking capabilities. Results of the qualitative and quantitative analyses of the data are provided below.
Results
The results for this section are organised as follows. First, teacher awareness of the computational thinking and the Digital Technologies Syllabus is reported to provide an indication of the need for professional learning. Next, teacher understanding of the computational thinking concept, computational thinking pedagogies, and computational thinking technologies both before and after the workshop are presented, to illustrate how the workshop influenced their TPACK understanding (Mishra & Kohler, 2006) . Finally, affective shifts in terms of teacher confidence and attitude towards computational thinking are reported.
Awareness of Computational Thinking and the New Curriculum
As aforementioned, computational thinking has been emphasised in the latest Australian Digital Technologies Syllabus. Table 1 shows the teachers' awareness of the term computational thinking and the upcoming Australian Digital Technologies Curriculum before the workshops. Among the 69 respondents, the results indicated that 26 of them were aware of the new Digital Technologies Curriculum and the term computational thinking (Table 1) . There were 9 teachers who had not heard of the term computational thinking and were unaware of the new technologies curriculum. Thus in this study, it appeared necessary to increase some teachers' awareness of computational thinking and related concepts in order to help them better prepare for the new curriculum changes. Table 2 summaries the responses to the open-ended question "What does computational thinking mean to you?" before and after the workshops. Both before and after the workshop the 69 teachers generally regarded computational thinking as computational practices relating to "problem-solving" activities. One distinctive difference between pre-and post-workshops responses was that the detail of computational thinking definitions was more elaborate after the workshops (141 references pre-workshop versus 312 references postworkshops). This is evidence that respondents had a more evolved conception of computational thinking following the workshop. After the workshops many teachers could clearly identify computational thinking as comprising four key cornerstones (i.e., decomposition, pattern recognition, abstraction and algorithms). For instance, in the postsurvey one respondent defined computational thinking as:
Awareness of the term computational thinking
" Prior to the workshops there were some misconceptions about the meaning of computational thinking. Some teachers considered computational thinking as using technologies generally, computer programming, or thinking in a way a computer thinks:
"using technology to enhance learning" "coding, multimedia, collaboration via web2" "Learning how a computer thinks/does not think/Learning to program a computer" Encouragingly, none of the participants had these or any other misconceptions of computational thinking after the workshops.
Pedagogical Strategies in Developing Computational Thinking Capabilities
In regard to the open-ended question "What pedagogical strategies do you have (or can you think of) for developing school students' computational thinking capabilities?", respondents mentioned a wide range of teaching strategies and those strategies could be categorised into two main areas, i.e., student-centred and teacher-centred pedagogies.
Rather than referring to the conventional instructional or teacher-centred approach, the most common pedagogical strategy both before and after the workshops was studentcentred, the problem-solving approach (Table 3) . However, the number of student-centred pedagogies mentioned by the respondents was more than double in the post-workshops survey, and the descriptions of the strategies were more detailed. It is argued that student-led educational experiences that are active and engaging lead to deeper learning (Adler, Whiting, & Wynn-Williams, 2004 ). In the post-workshop survey respondents also identified blended, flexible and challenge-based learning approaches. The student-oriented learning approach emphasises student responsibility and activity in learning including developing students' thinking abilities, providing self-reflection tasks and skills development, rather than focusing upon what the teachers are doing. Teachers also referenced using group work to teach computational thinking. Furthermore, the respondents believed that computational thinking could be embedded in all key learning areas (KLAs) and some of them proposed that "any pedagogy can be used to teach computational thinking".
Supportive Technologies
Regarding the question "What technologies can be used to develop school students' computational thinking capabilities?", "using computer and digital devices" was the most common response. There were 41 and 50 responses from the pre-and post-workshops respectively agreeing technological devices could support the development of computational thinking. Devices like personal computers, iPads, mobile phones, laptops, interactive whiteboards, interactive televisions, digital cameras, etc. were referenced by teachers, particularly in the pre-survey responses. Researchers comment that digital devices, systems and networks foster computational approaches to solving problems (Grover & Pea, 2013) . Many teachers, especially after attending the workshops replied that they would use computer programming and coding technologies to develop computational thinking knowledge. Whereas only 42% of the teachers were able to identify specific software before the workshops, after the workshops 72% of the teachers were able to name specific software like Scratch Jnr, Visual Basic, Python, Hopscotch, Tynker, etc. which students could use for coding and programming. Teachers also suggested using robotics to develop computational thinking capabilities. For instance, Beebots, and Lego Robotics were commonly identified by the teachers as useful tools for developing computational thinking skills.
Over 30 post-workshop responses suggested that games and apps could help students learn relevant skills. Games like Kodu, Minecraft and apps like iPad apps were frequently mentioned by the teachers. Teachers also indicated that they could also get the useful technologies online through Code.org. After the workshops, none of the respondents were unsure about the technologies that could be used to develop computational thinking.
Lack of Confidence
In regard to the question "What prevents you from feeling confident about developing your students' computational thinking capabilities?", teachers before the workshops indicated that "lack of knowledge and inability to understand computational thinking" was the main reason preventing them from feeling confident to help students' learning computational thinking (Table 4) . For instance, teachers said that:
"Not knowing enough about what it is and what it involves EXACTLY." "I don't really understand the definition of 'computational thinking' which is why I am attending the course."
Reasons for the lack of confidence were classified into two main categories. One was related to the insufficient resources and the other was more about the low self-efficacy of the teachers. Prior to the workshops, teachers indicated that they were unaware of the support, funding, activities and programs that were available (9 responses) to facilitate the teaching of computational concepts. They were concerned about the lack of time (7) and lack of support from the upper level and peers (3). However, most significant reason for the lack of confidence was due to the self-efficacy of the teachers (78). Most of the teachers complained about the lack of knowledge and ability to understand the concepts of computational thinking (36) and lack of effective teaching strategies and experience (14) .
The responses were, however, different after the workshops. Feeling incompetent to teach the concepts had become a less frequently reported issue, and lack of resources to support teaching had become more of an issue. When compared to the pre-workshop survey, there were more responses relating to the category of lack of resources (54), whereas responses for low self-efficacy were reduced from 78 to 45. Examples of concerns relating to lack of resources included:
" The final qualitative question was "What could help you to feel more confident about developing your students' computational thinking capabilities?" Teachers after the workshops were more likely to think of ways to build their confidence and were clearer about what would be more helpful. In particular, teachers wanted to get more resources and support like providing more time to learn (15), accessing relevant technologies (e.g. iPads) (13); provision of more examples, activities and ideas on how to teach computational thinking (12) and soliciting advice from colleagues (9) ( Two paired sample t-test were performed in order to test the teachers attitudes towards the importance of children develop computational thinking capabilities and the confidence of the teachers about developing their students' computational thinking capabilities before and after the workshops. Participants who previously completed the preworkshop survey were included in the analyses.
In relation to the attitudes towards the importance of children develop computational thinking capabilities, the analysis revealed a significant difference between the mean scores of the participants before attending the workshops (M=6.32, SD=1.13) and after attending the workshops (M=6.76, SD=0.47); (61) = -3.32, p=0.002 (Table 6) .
Another paired sample t-test analysis indicated that the teachers felt more confidence to develop their students' computational thinking abilities after the workshops. There was a significant difference between the mean scores before the workshop (M=3.80, SD=1.22) and after the workshops (M=4.74, SD=0.68); (53) = -5.55, p=0.000.
The results indicated that it is possible for teachers to build up their confidence level by attending workshops and enhance their computational thinking pedagogical capabilities in quite a short period of time. 
Discussion
Preparing teachers to teach computational thinking and computing generally is a major challenge of our time (Liu et al., 2011; Voogt et al., 2015) . It is an unfamiliar discipline to many teachers, and one that they have never previously had any formal instruction in, let alone instruction on how to teach it. This lack of knowledge is highlighted amongst the teachers in our sample, most of whom were not aware of the term computational thinking even though it is the foundational concept in the new Australian Digital Technologies Curriculum. This lack of knowledge has been documented elsewhere (Voogt et al., 2015) .
However, findings from this study indicate that teacher's computational thinking capabilities are relatively malleable. Analysing pre-and post-workshop definitions of computational thinking revealed that in general teachers had developed more specific and detailed understanding of computational thinking, including a better awareness of subcomponents of computational thinking (for instance, decomposition, pattern recognition, algorithm design and abstraction). By the end of the one-day professional learning program the teachers also had much more specific and divergent ideas about the sorts of pedagogies that they could use to develop computational thinking, most of which focused on studentcentred learning approaches. Whereas before the workshop teachers were generally unaware of domain specific technologies that could be used to teach computational thinking but after the session the large majority of teachers were able to identify specific software (e.g. Scratch Junior, Python, Tynker, Beebots, Kodu, etc.). This is encouraging in so far as it demonstrates that targeted short-term professional development can have an impact upon teacher computational thinking pedagogical capabilities. However, there was potentially an opportunity for teachers to develop a better understanding of computational thinking perspectives, as this level of knowledge is important in order to help students appreciate the real-life value of what they are learning (Wood et al., 2011) .
Coming into the workshops the majority (78%) of reasons for low self-confidence about teaching computational thinking related to self-efficacy -a lack of understanding of computational thinking and associated pedagogical know-how. Lack of resources was a less common issue (19%) . By the end of the one-day professional learning program the reasons for teachers' low self-confidence had shifted more towards being about resources (53%), with less frequent concern about self-efficacy (45%). Whereas before the workshops over half (59%) of teachers felt they needed advice on effective teaching strategies, after the workshop this had fallen to small minority of teachers (11%). Resources, including having time to learn and appropriate technological resources became much greater concerns. Following the workshop teachers also had an increased desire for further professional development and training. By the end of the professional development program the teachers has significantly improved their confidence to teach computational thinking (p<0.001). Based upon previous research on teacher self-efficacy and learning outcomes (Guo et al., 2010 , Ross et al., 2001 there is a likelihood that these improvements in self-efficacy would translate into higher quality teaching in the classroom.
It was encouraging to see the increasing emphasis that teachers placed on studentcentred pedagogies as a result of the workshop, however, teachers indicated several ways in which they require support going forward. These include advice on how to best incorporate computational thinking concepts into the curriculum, time and resources to build understanding of relevant technologies, and more time to learn and plan their lessons. Teachers also identified the utility of further professional development and establishing professional learning networks or mentoring relationships. These findings concur with previous work on preparing educators to teach computational thinking (Grover & Pea, 2013) .
Other types of support can be given to the teachers with the purpose of enhancing their computational thinking pedagogical capabilities, apart from provision of professional learning and resources. At the local level, schools could organise support groups that include peer learning and teaching buddies for struggling teachers. In addition, schools could allocate additional resources (e.g. computers, time) for teachers to develop teaching materials that engage students and facilitate deep learning. Management should aim to be more supportive and initiate changes (Barajas, Kikis, & Scheueremann, 2003) . The school curriculum is a complex environment where multiple competing priorities exist (Settle et al., 2012) , and thus it is difficult for the in-service teachers to change and add one big concept into the already busy curriculum without support from management. Academics and industry could do more to engage with teachers, especially if they wish to introduce deep computational thinking principles in schools (Black et al., 2013) .
This study also has implications for teaching and teacher education outside the discipline of computing. Even though the minority (44%) of the teachers in the study had not previously undertaken any study with relation to the discipline, the cohort as a whole was able to demonstrate objective increases in technological, pedagogical and conceptual (TPACK) knowledge, and significantly improve their teaching confidence. One criticism commonly wagered against teachers is that they do not have the capacity to adequately respond to new disciplinary and teaching demands that result from changing technological, workforce and social needs. But the results of this study indicate that teachers can in fact be quite responsive, and in fact the main issue may be providing them with well-designed professional learning opportunities and resources. If the self-efficacy of teachers is so critical to improving their classroom practice and student learning outcomes (Babaei & Abednia, 2016; Ertmer & Ottenbreit-Leftwich, 2010; Ertmer et al., 2012) , then principals and systems are well advised to prioritise extensive professional support that builds self-efficacy and capabilities.
This study has a few limitations that should be noted. One was the small sample size, and future research could be on a larger scale. The extent to which findings are generalisable is left to the discretion of the readers. We note that this sample was not selected using any particular criteria, but did self-select to undertake the workshop. In addition, this study took place in an Australian environment so findings from this study might not generalise to other school contexts, although Australian educational culture is similar in many ways to most western countries. International study is recommended to investigate teachers' difficulties in teaching computational thinking given that there has been a growing global interest in introducing computing into teaching plans. Furthermore, future research could examine changes to teacher computational thinking pedagogical capability and self-efficacy over time. In other words, another wave of longitudinal studies performed 6 months after the workshops could help understanding which support should be provided to teachers for continuing development. Research could also investigate the transferability of the capabilities teachers develop into professional settings and classroom practice. It would also be beneficial to develop systematic and rigorous ways of examining and measuring programming and computational thinking performance in the following studies.
Conclusions
Computational thinking draws on skills and professional practices that are fundamental to computing and computer science (Sengupta et al., 2013) . It includes problem representation, abstraction, decomposition, simulation, verification, and prediction. Recently, arguments have been made in favour of integrating computational thinking and programming into the school curricula. This is especially pertinent if the goal is to reach a larger number of students for the anticipated information technology workforce shortage and also enable people to utilise computational thinking to solve problems in any field (Barr & Stephenson, 2011) . Previous studies on the topic of computational thinking were mostly about the definitional issues and from students' perspectives (Portelance & Bers, 2015) . Previous research has expressed the need for greater research on how to support integration of computational thinking into the curriculum (Portelance & Bers, 2015; Voogt et al., 2015; Wilson & Guzdial, 2010) .
This study filled a gap in the research by examining the malleability of in-service teacher computational thinking pedagogies and related issues. The results of the postworkshop survey showed that teachers were able to improve the basic ideas of computational thinking content, pedagogy and technology in a relatively short period of time, as well develop significantly better self-efficacy towards the related concepts and practices. With higher self-efficacy, teachers are more prepared and have more confidence to teach in general. In this study, teachers' computational thinking pedagogical capabilities could be enhanced in a relatively short period of time. This is encouraging given the enormity of preparing a teaching workforce to successfully teach a set of thinking skills and concepts that are unfamiliar to many of them. However, to better prepare them for the future they indicated resources, time, peer mentoring networks and additional targeted professional learning workshops will all be beneficial.
